[#EREA A
EEEEES: 21an0401024h0003 {ERL EFHE SF4E4 F 27 B

HAERFCRAREE  imi 1 TRIRESR BN EE
HR MRS =

NG

I EXREH
WFEBIRaES, © (AAEE) iCAR/TCR /~A 7'V v R T M % Al 7= R AT 23 A S sis it vk O Il Y

(I  EE) Development of next generation cancer immunotherapy using iCAR/TCR hybrid

T cells
WFZEBRE EREAR - SFcaE 10 H 1 B~ 443 H 31 H

MFERRIERE K4 0 (BARGR) /MK 6
(% #B) Eiji Kobayashi

WHFEPHsE IR PTEARRE - W - Bk
(BARE) ESZRFHENE IR NUERETSR B

(Z&  FE) Academic Assembly, Faculty of Medicine, University of Toyama * Assistant professor



11 HrEeBRR D=

Chimeric antigen receptor (CAR)-T 36 X OV T Ml 254K (TCR) -T Bi£EIE 2030 FEEIZIEN A EIRIZEB T D%
PERRIE L 720 | BUKMBIB OS2 T 2 ERE SN TS, LA LA 6, CAR-T #IEIE CD19 G5k
B U LNl TSRO TND Z &0, MOWEITERA AR T RS EERREIC > T, Zh b 0ifi#
yifkZ BHHE L7z CAR-T DBAFENEANATOIN T\ D, £z, BAHURFFRAY TCR & v 7z TCR-T H#RI%E & #r
TR ASERE E U CHER Sh, AP CTRREDSED bR TS, LavL, 2 SIFEEEOHIRICHT 5
TCR & HWZERRRBRICIRE ST D, ZOERMMm L LT, PNABHEAFHE TE 221807 TCR 51
EINRICEGT 5 2 L BN Z EARITHNR D,

ZORDIRBL T, Fox 1350 RICEE R AGRFRFFOTZOIEAB)ICER L, fER Lz Mebis+
AFUAZAV, 51 A OREZH O L CTE 7, AfC, B— B LB 2R L BE T
LA TISAAC %] (Jin et al Nat Med 2009) <°H— T ffifid 7> H#E#EATIZ TCR B2 HLEE - fET T 5506
ThTEC10 %] (Kobayashi et al Nat Med 2013)% BR%E U7, AWFZERAZE Tl Fx M A OB HINO — X%
e L. CAR-T & TCR-T Mgk D Rz iz R RAE{A 7oA T Ml ORI 21T -7, BARRIIZIE,
B CIIEEL LW AR 522755+ A CAR (incomplete CAR: iCAR) i#{n1 & 45+ B (FiiFH 5D 72 O IEARH)
FREH) TCR Bin F A2 BALTNA 7V v R TMROEHIEZIT o7, A 7 U > BT HilEIE iCAR 1T X 2 Fr i
PEE o 7T ARTEMB) & D BERE AR50 723 iCAR HUMTIE T MIRRIZIE L S iew | T fllfia B &2 581
TP L TH CAR WD ZENTE D, —J7. HFURKREAYZR TCR 22 D2 7 F WV RED iCAR 725
DY T F MLV EERT D728, TCR MO DY 7 IV ZRiR+ 5 Z L ATREIC AR 0 . T MR 5 E
EMERNFEIND, ZOLIIZ, "7V v BT MIEROGURR RATEME(L & 2 ERERMEIC X DREIER O
(RIS NP7 8 AFE~ DT ISIER DI TE B,

H—lT, HEEERYZR BT - A-CAR @ in vitro 3 X OV in vivo TOHIEBNREZRFT LTz, DD, £T0 1
A-CAR DFEBIA 7 & —ZAFRL L | R ORI T U > ~ERICEA L, MR E~ORB A MR Lo, RIZ,
P A-CAREAT U o _ERkEHWT, 70 F A 25814 2 Mk k4 o MilaGEEEZRIE L& 2
AL F ARG EEEZ R Lo, S 612, F A ZRBET Mk s S ERER S~ T A
(—f4 NSG =~ 7 ) (\THEANM T TEHPAET A AFRL 2O~ 7 22H5rF A-CAREAT Y k%
BALRLEZ A, BB REIRD Sz,

%512, 0 BRFEA TCR @ in vitro TORPEFIREMRES LIz, €D, 9501 B R TCR &
BAFBIRT Z—Z AR L | AR T VU o RERICEA L, MfRRE~ORBL 2R LIz, KRIZ, 5F
B FF A TCREA T U > /8B & VT T B 2 NIEICRHLT 5 HIBORRIC 64 2 MG B 2 e L &
Z A, 43T BICRRE A M S R A R LT,

BB ICARZEERGT) T A-CAR (A-iCAR) L7471 BHFRA TCR Z2RE S 7 U v N THME (A-
iCAR/B-TCR A 7' U » R T M) OHUEGE R R OMFI21T 572, £7 . A-iCAR 38 LU B-TCR H~R T & —
ZAERLL |l ARSI T U > SER~E A L7228, A-iICAR/B-TCR % 58 HL+ 2 MIZIZ & A EHE L 780
o7z, £ T, A-iICAR/B-TCR #BEWEFEBIAR Y 2 —ZAFRL L | R KM T U o _ER~SEA L2 & 2
%, A-iICAR/B-TCR OIHIFEHL R T X 7=, WIZ, A-iICAR/B-TCR ~A 7 U v R THIFE®D in vitro 233\ T
ARG ETEME 2 IE LT & 2 A FURRF R8OGG ETEES fEGR S vz, — 7. iICAR/TCR [T NZE
FUEA L 0 8 AZHEIMEND T, in vivo TOMHT E 7RIS T 2 58T EANE L EET D LERH D
EEZ LN,



FERENI 72 5157 1 A-CAR IZ X D REE 72 FUEEETER O b vz 7=, BiFHEE21T -7~ 5.

Tinvitro 3 X Winvivo TOHIEGRORFI 21T, S HIC, EMIFERBRA~EMT L2720, Ao, Z4
MEICEET D mitaED 5, F72, iCAR/TCR A 7' VU » K THIBEIZEBWO TS IRWIIE EIRER RO S i- 2
&G in vivo TOHEEI R OBRE 21T 9,

AR Z



Chimeric antigen receptor (CAR)-T and T cell receptor (TCR)-T therapies will become the standard of care in cancer
treatment around 2030 and are estimated to form a few trillion-yen market. However, the limited targets of CAR-T
therapy, such as CD19-positive B lymphoma, and the strong side effects are important issues to be overcome. Under
the situation, CAR-T therapies are being actively developed to overcome these issues. TCR-T therapy using cancer
antigen-specific TCRs is also attracting attention as a new cancer immunotherapy and is being developed worldwide.
However, clinical trials of TCRs against very limited antigen/HLA combinations have been conducted so far. The main
reason for this is the difficulty in efficiently obtaining TCR genes that can effectively induce cancer regression.

Under such circumstances, we have focused on Molecule-A (undisclosed due to patent application), which is
important for the immune system, and have clarified the function of Molecule-A using a humanized anti-molecule A
antibody we have produced. At the same time, we have developed the ISAAC method (Jin et al Nat Med 2009), a
technique for efficiently obtaining antigen-specific antibody genes from a single B cell, and the hTEC10 method
(Kobayashi et al Nat Med 2013), a technique for comprehensively isolating and analyzing TCR genes from a single T
cell. In this study, we tried to develop next-generation genetically engineered T cells that combine the advantages of
CAR-T and TCR-T cell therapy by integrating our technologies. Specifically, we tried to develop a hybrid T cell that
incorporates the incomplete CAR (iCAR) gene, which dose not induce T cell activation by itself, and the specific TCR
gene (undisclosed due to patent application). The Hybrid T cells have the function of specificity and signal
transduction assistance by iCAR. Since iCAR alone does not activate T cells, iCAR can be used for antigens expressed
on the T cells themselves. On the other hand, the signal from TCR can be enhanced by the signal from iCAR, and thus
strong cytotoxic activity of T cells will be induced. Thus, hybrid T cells are expected to reduce side effects and expand
the application to a wide range of cancer types due to their strong antigen-specific activation and dual specificity.

First, we investigated the in vitro and in vivo antitumor effects of functional anti-molecular A-CAR. To this end, we
first generated an expression vector for anti-A-CAR and transfected it into healthy human peripheral blood T
lymphocytes and confirmed its expression on the cell surface. Next, using these anti-molecular A-CAR transfected T
lymphocytes, cytotoxic activity of anti-A-CAR against cell lines expressing molecular A was measured, and strong
cytotoxic activity specific to molecular A was confirmed. Furthermore, after developing mouse model using highly
immunodeficient mice (NSG mice), we examined anti-tumor effects of anti-A-CAR transduced-T cells in vivo. When
anti A-CAR transduced T-cells were transferred, a significant tumor regression was observed.

Second, we examined anti-tumor effects of the molecular B-specific TCR in vitro. To this end, we constructed
molecular B-specific TCR gene expression vector and transduced it into primary T cells, and confirmed its expression
on the cell surface. Next, we measured cytotoxic activity of the B-specific TCR against a cell line that endogenously
expresses molecular B using molecular B-specific TCR-transduced T lymphocytes, and confirmed cytotoxic activity
specific for Molecular B.

Finally, we examined the anti-tumor effects of hybrid T cells expressing incomplete anti-molecular A-CAR (A-
iCAR) and molecular B-specific TCR (A-iCAR/B-TCR hybrid T cells). First, A-iCAR and B-TCR expression vectors
were generated separately and introduced into primary T cells, but few cells expressing both A-iCAR and B-TCR
simultaneously were obtained. Therefore, we constructed an expression vector with A-iCAR/B-TCR tethered using 2A
sequence and introduced it into primary T cells. Using the expression vector, we observed efficient co-expression of A-
iCAR/B-TCR. Next, cytotoxic activity of A-iICAR/B-TCR hybrid T cells was measured in vitro as same with fCAR
and TCR, and we observed strong cytotoxic activity of the hybrid T cells. On the other hand, the transfection efficiency
of iCAR/TCR was still lower than that of each alone, suggesting the need to improve transfection efficiency for in vivo

analysis and future clinical application.



Since effective anti-tumor activity was observed with the functional anti-molecular A-CAR, a patent application was
filed. In the future, we will investigate the anti-tumor effect in vitro and in vivo using patient tumor which express
molecular A. Since strong cytotoxic activity of iCAR/TCR hybrid T cells was observed in vitro, we will next
investigate anti-tumor effects of the hybrid T cells in vivo. In addition, we will further investigate the efficacy and

safety of iICAR/TCR hybrid T cell to apply it for clinical application.



